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ABSTRACT
Heat-transfer data for the O.Ol75-scale Space Shuttle Vehicle 3 are
presented in this data report. Interference heating effects were invest-
igated by a model build-up technique of Orbiter alone, tank alone, second,
and first stage configurations.
The test program was conducted in the NASA-Ames 3.5-Foot Hypersonic
Wind Tunnel at Mach 5.3 for nominal free-stream Reynolds number per foot
values of 1.5 x 106 and 5.0 x 106 .
This report is presented in four volumes.
umes are as follows:
VOLUME I
VOLUME II
VOLUME III
VOLUME IV
The contents of the vol-
PLOTTED EXTERNAL TANK DATA
PLOTTED SRB DATA
PLOTTED ORBITER DATA
TABULATED SOURCE DATA
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INTRODUCTION
The experimental investigation documented in this report was performed
to obtain aerodynamic heat-transfer rate data on the space shuttle vehicle
3 first and second stage configurations. A component build-up of orbiter
alone, tank alone, orbiter plus tank, and fully mated launch configuration
was utilized to investigate component interference effects.
The test program was conducted in the NASA-Ames 3.5-Foot Hypersonic
Wind Tunnel at Mach 5.3 and nominal free-stream Reynolds number per foot
values of 1.5 x lO 6 and 5.0 x 106 . The model angles of attack were 0 °,
-3 °, -5° and 20° (SRB alone) and angles of yaw were 0° and -5°.
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Symbol
b
B
C
C
Co, C1 , C2
Cp
CHAN
Haw
Ht
Nw
href
h/href
IML
L
Plot
Symbol
CHAN
HAW
HT
HO
HW
HREF
H/HREF
HI/HU
Length
NOMENCLATURE
Definition
thickness of model skin
span length
specific heat of model skin material or OMS crease
chord length
constants in curve fit for C over model wall
temperature range
specific heat of air stream (perfect gas value)
recording-system channel
adiabatic wall enthalpy
free-stream total enthalpy
average of free-stream total enthalpy values
of all tunnel runs incorporated into an aero
dataset
enthalpy based on model wall temperature for
given T/C location
heat-transfer coefficient at model wall for
given T/C location
stagnation-point heat-transfer coefficient
for reference sphere
ratio of model heat-transfer coefficient to
heat-transfer coefficient of reference sphere
for Haw/Ht : X.XXX
interference to undisturbed heat transfer
coefficient ratio
inner module line
model reference length
I0
NOMENCLATURE (Continued)
Symbol
M_
Pt
qs
R S
Re®/ft
Re®,L
St
T
Tt
Plot
Symbol
MACH
PT
PO
Q
QS
RS
RNIL
ST
TT
TO
Definition
free-stream Mach number
free-stream total pressure
average of free-stream total pressure values
of all tunnel runs incorporated into an aero
dataset
heat-transfer rate at model wall for given T/C
location
stagnation-point heat-transfer rate for reference
sphere at initial time
reference sphere radius at model scale equivalent
to 0.305 m (l ft) for full-scale vehicle
free-stream Reynolds number per foot
average of free-stream Reynolds number values
(per foot) of all tunnel runs incorporated into
an aero dataset
free-stream Reynolds number based on model
reference length, L
assumed chordwise location (for Clusters Band C) -
see Figure 2
Stanton number based on free-stream flow conditions
and the model heat-transfer coefficient for
Haw/Ht = X.XXX
temperatu re
free-stream total temperature
average of free-stream total temperature values
of all tunnel runs incorporated into an aero
dataset
II
S__ymbol
Tw
T/C
t
ti
u,V
W
X
Plot
S__ymbol
TW
T/C
TIME
XlC
XIL
2Y/B
Z/BV
ALPHA
BETA
NOMENCLATURE (Continued)
Definition
model wall temperature for given T/C location
thermocouple
time
initial time (before model insertion into flow)
extrapolated from f(Tw) vs time
velocity
density of model skin material
axial distance measured from nose
chordwise location, fraction of local chord
longitudinal location, fraction of body length
spanwise distance from centerline
spanwise location, fraction of semi-span
water plane distance
spanwise location on vertical tail, fraction
of exposed span
tank radial position measured clockwise
looking forward, 0 degrees at bottom centerline
angle of attack, degrees
angle of sideslip, degrees
viscosity of air
density of air
Orbiter radial position measured clockwise
looking forward. 0 degrees at bottom centerline
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Symbol
SUBSCRI PTS
aw
i
0
PG
S
S
t
T
V
W
00
Plot
S bol
NOMENCLATURE (Concluded)
Definition
SRB radial position measured clockwise looking
forward. 0 degrees at bottom centerline
adiabatic wall
initial value before model insertion
into tunnel flow
Orbiter
perfect gas (calorically and thermally
perfect gas)
reference sphere
SRB
free-stream total condition
tank
vertical tail
wall
free-stream
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REMARKS
Tunnel blockag_ was suspected during the first stage (mated) m = -5°
runs, but could not be confirmed due to inconclusive shadowgraph data.
Therefore, additional data were taken at _ = -3°. Both m = -3° and -5°
data are presented in this report; however, the _ = -5° data are question-
able.
Near the end of the test program the number of test runs used to ob-
tain a complete mapping of the mated-vehicle heating rates was reduced
from seven to five to conserve test time. The data acquisition capacity
is 75 thermocouple channels per run. This reduced the number of recorded
thermocouples from 525 to 375 for these runs (runs with T/C hook-up num-
bers 12 and 13).
A post-test analysis and dimensional check of the model were per-
formed on the orbiter to investigate suspected incorrect data from wing
leading edge clusters B and C. As a result of this investigation, the
thermocouple locations and skin thicknesses presented in Table IV and
figure 2a were found to be incorrect for clusters B and C. Figure 2b
presents the correct locations and thicknesses. The data presented in
the plots and tabulated listings reflect the pretest locations and skin
thicknesses and should be scaled accordingly. Data reports for other
tests of this model are also in error due to the clusters on the wing
leading edge. These test data should be corrected for the test data
publications of tests OH4B, IH20, and OH6.
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CONFIGURATIONSI VESTIGATED
'i
The 22-0TS model is a O.Ol75-scale replica of the vehicle three con-
figuration Rockwell International Space Shuttle Orbiter, tank, and solid
rocket boosters. The model is a thin-skin thermocouple model instrumented
with 527 30-gauge iron-constantan thermocouples. The structural areas of
the model were constructed of 15-5PH stainless steel with instrumented
areas of 15-SPH and 17-7PH stainless steel.
Provisions have been made to test elevon deflections of -40 °, 0°,
+5, and +lO°; body flap deflections of 0° and +lO°; and rudder flare of
0° and 40 °. For this ascent test, all control surfaces were tested at 0°
deflection.
The configurations tested are described below with the component de-
finitions given in table Ill.
Symbol
ORB
ET
SRB
OTS
TRI PS
Bl7 C7 M4 F5 Wlo 3 E22 V7 R5
T
lO
S8
Bl7 C7 M4 F5 Wlo 3 E22 V7 R5 Tlo S8
Orbiter
external tank
solid rocket booster
mated vehicle
.050" steel spheres soot
welded to .005" shim stock
band I/4 inch wide. Center-
line displacement between
trips was 3 diameters
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TESTFACILITYDESCRIPTION
The NASA-Ames3.5-Foot Hypersonic Wind Tunnel is a closed-circuit,
blowdown-type tunnel capable of operating at nominal Machnumbersof 5, 7,
and IO at pressures to 1800 psia and temperatures to 3400°Rfor run times
to four minutes. The major componentsof the facility include a gas storage
system where the test gas is stored at 3000 psi, a storage heater filled
with aluminum-oxide pebbles capable of heating the test gas to 3400°R,
axisymmetric contoured nozzles with exit diameters of 42 inches for gener-
ating the desired Machnumber, and a 900,000 ft 3 vacuumstorage system
which operates to pressures of 0.3 psia. The test section itself is an
open-jet type enclosed within a chamberapproximately 12-feet in diameter
and 40-feet in length, arranged transversally to the flow direction.
A model support system is provided that can pitch models through an
angle-of-attack range of -20 to +20 degrees, in a vertical plane, about
a fixed point of rotation on the tunnel centerline. This rotation point
is adjustable from l to 5 feet from the nozzle exit plane. The model
normally is out of the test stream (strut centerline 37-inches from tunnel
centerline) until the tunnel test conditions are established after which
it is inserted. Insertion time is adjustable to as little as I/2 second
and models maybe inserted at any strut angle.
A high-speed, analog-to-digital data acquistion system is used to re-
cord test data on magnetic tape. The present system is equipped to mea-
sure and record the outputs from 80 transducers in addition to 20 channels
of tunnel parameters.
16
TESTPROCEDURES
The data acquisition capability was 75 recorded thermocouples per
run. Since there were 525 T/C's selected for mated launch-configuration
testing, seven runs were necessary for a complete mated heating distri-
bution. Cannonplugs with 15 thermocouples for full data acquisition
capability were used at the model. A five plug junction (connector) box
was constructed to mate the model plugs to the facility's 150°F reference
box terminal posts. Most model changes were, therefore, simple plug
changes between runs.
Due to the complexity of the mated configuration Sting arrangement,
oil-flow visualization techniques were employed to confirm that there
were no sting-interference effects.
Shadowgraphswere taken for each run. Sting-effect shadowgraphs
were also obtained for selected runs.
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DATA REDUCTION
All test data were reduced at the NASA/Ames Research Center using
the data reduction techniques outlined below. The thermocouple data were
reduced using the one-dimensional, thin-wall equation:
= WCb dTw - h (Haw - Hw) _ hHtdt
which neglects heat-conduction losses.
Assuming that W and h are constant and
C = Co + C1Tw + C2 Tw2 for Tw ranges
Haw
the integration of equation (I) for t = t i to t and Tw
to Tw yields the linear equation:
f(Tw) = - an TTw T-wwi - _aw + C'aw
(Tw - Twi) : hcp (t - ti)
WC'awb
where it is defined that:
= Twi
(1)
(2)
Tw +2 Twi)]
(3)
- (5)
Haw _ Haw Ht
Taw - Cp - Ht Cp >- (Taw)PG (4)
Co + C1 T_w + C2 T_w 2
specific heat at adiabatic wall temperature
The form of Eq (3) is f(Tw) = mt + b where m is the slope and b is the in-
tercept for a straight line if heat-conduction errors are negligible. Thus,
deviations from a straight line can indicate heat-conduction effects.
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DATA REDUCTION (Continued)
The slope, m, of f(Tw) vs t from Eq (3) is computed by a least-
squares, straight-line fit over a finite time interval (approx. l sec.)
beginning when the model reaches uniform tunnel flow. The value of the
heat-transfer coefficient, h, is then determined from:
W'
h = Cawb m (6)
Cp
Using this value of h, the heat-transfer rate is evaluated at the initial
time, ti, when the model is isothermal at the initial wall enthalpy, Hwi
_ = _i = h (Haw-Hwi) -=hilt IHaw H_il (7)\Ht
where Haw/H t is the same value used to evaluate h. The resultant value
of q is independent of the value of Haw/Ht used for both the h and
eval uations.
The reference sphere heating is also evaluated at the initial wall
enthalpy by the method of Fay and Riddell (ref. 2):
Hw)qs = href (Ht - Hw i) -= hs Ht .0 - Ht
The model-to-sphere ratio of heat-transfer coefficients is then de-
termined from Eqs. (7) and (8) as
h I.O - "wi/"t ]
href qs H-aw-/Ht - H-_iTHt]
(9)
19
DATAREDUCTION(Concluded)
where qi is constant for all values of Haw/Ht.
To determine h/hreffor various values of Haw/Ht, the particular value of
Haw/Ht is substituted into Eq. (9).
The Stanton number is defined as
St ---h _ qi (lO)
pu pu(Haw - Hwi)
where for free-streamconditions, pu = p_ V®.
The calculations of the model heating, reference sphere heating, and
Reynolds number included the corrections of NACA report I135 (ref. 3) for
calorically imperfect thermally perfect air. Keyes' equation for vis-
cosity (see ref. 4) was also used for the sphere heating and Reynolds
number computations:
0.0232 x 10-6 T0"5
l + 220 x lO-9/T
T
(ll)
where the units for T and _ are °R and Ib-sec/ft, respectively.
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TABLE I.
TEST :
REYNOLDS NUMBER
MACHNUMBER (per ft)
IH3 (ARC 3.5 #178) ] NOMINAL
TEST CONDI TIONS
I I
DATE: ll/g/73
I
L. ._..R
L,
;TOTAL PRESSURE STAGNATION TEMPERATURE
(pounds/sq.inch) (degreesRankine)
120
40.B
BALANCE UTILIZED:
NF
SF
AF
PM
RM
YM
CAPACITY:
Nnne
COEFFICIENT
ACCURACY: TOLERANCE:
COMMENTS: Thermocouple Te_t
__ II III
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TABLE III. -COMPORE_T DIMENSIONAL D_TA
MODEL COMPONENT: BODY - BIT
GERERAL DESCRIPTION: Fuselage, 3 configuration, lightweight orbiter per
Rockwell lines drawing No. VLTO-OOOI_
MODEL SCALE:
DRAWING _0. :
DIMENSIONS:
o.o175
VL?O-O00139
Le_h- In.
Max. width - In.
Max. depth - In.
Fineness Ratio
Area - ft2
Max. Cross-sectional
_orm
Wetted
Rase
1290.3
.....267.6
_. 5
_86.67
MODEL SCALE
22._2
.68_o
.2787_
_'_7_
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TABLE :III. - COMPOI_ENT DIMENSIONAL D#TA _ Continued.
_DDEL COMPOnEnT: CANOPI - C7
GENERAL DESCRIPTION: Configuration 3 per Rockwell Lines VL70-000139
Insufficient information to complete dimensional data at this time.
_DEL SCALE: 0.0175
I_AWING NtK_ER: VL70-000139
DIMENSIONS:
Length (Xo = 433 to Xo = 670) - in YS
Max. Width
_x._pth (zo- to zo = 5oz) in FS
Fineness ratio
Area - i%2
Max. Cross-sectional
Planform
Wetted
Base
SCALE MODEL SCALE
237 _.Z_8
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TABLE III. - COMPORERT DIMENSIONAL DATA- Continued.
MODEL COMPONENT: ELEVON- E22
C_ DESCRIPTION: _ configuration per _ho 3 Rockwell Lines Drawln_
VL70-000139 data for (i) of (2) sides.
SCALE MODEL: 0.0175
DRAWING NUMBER: VL70-000139
DIMENSIONS:
A_a- _t2
(equivalent) - In.
Inb 'd equivalent chord
Ou_b 'd equivalent chord
Ratio movable surface chord/
total surface chord
At inb'd equiv, chord
At outb 'd equiv, chord
Sweep-back angles, degrees
Lea_img edge
Traili_ edge
Kimgeline
Area Moment (Normal to hlngeline) - ft 3
(Product of Area Moment)
FU_L SCAIZ
2O5.52
zz_.?8
55.0o
M01EL SCALE
o .0_4
6.Z83_5
2.0086_
0.9_50
.2O8
._00
0.00
- lo.2_
.2o8
._oo
0.00
- lo.2_
0.00
o.oo_.9
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TABLE III - C(MPOI_RT DIMENSIOFAL DATA - Continued.
MODEL COKPO_EBT: BODY FLAP - F_
G_[ERAL DESCRIPTION: 3 Configuration per Rockwell Lines VLTO-O001_9
MODEL SCALE: O.0175
_RAWING BLI4BER: VL70-000139
DIMENSIONS:
Ia_th - In.
Max. width - In.
Max. Depth
Fineness Ratio
Area- ft2
Cross-sectional
Planfonn
Wetted
Base
FOLL 8CAI._. MODEL SCA;.R.
l_a. 5195 0.0_365
0.0116738.09 8
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TABLE III. - COMPOR]_T DIMENSIONAL DATA - Continued.
_DDEL COMPONE_f: OMS POD - M4
G_[ERAL DESCRIPTION: Orbital maneuverina system pods located on the orbiter
aft fuselage.
MODEL SCALE: 0.0175
DBAWIN_ NUMBER: VL70-O00139
DIMENSIONS:
_h- In.
Max. Width- In.
Max. Depth - In.
Fineness Ratio
Area - ft2
Max cross sectional
Planform
Wetted
_se
t of OMS Pod
WP = 463.9 In. FS; WP _00 + 63.9 = 463.9
BP - 80.0 In. FS
LENG_: 1214.0 to 1560.0 - 346.0 In. FS
NOTE: M4 is identical to M3 of 2A configuration,
except intersection to body.
/ULL SC%LE MODEL SCALE
_6.o 6.o_o
io8.o 1.8_o
11].0 113.0
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TABLE III. -COMPOXE_f DIMENSIOIAL DATA - continued.
MODEL COMPOI_T: RUDDER - R_
G_[ERAL DESCRIPTIOn: 2A, 3 and _A configuration per Rockwell Lines Drawing
_'/'o-oooo9:_
MDDEL SCALE: 0.O175
DRAWIIG IRI4_ER: VL70-0OO139, VL70-000095
msIols:
Span (equivalent) - in.
Inb'd equivalent chord
Outb 'd equivalent chord
Ratio movable surface chord/
total surface chord
At Inb 'd equiv, chord
At outb 'd equiv, chord
S_eep-back angles, degrees
Leading edge
Trailing edge
wingeline
Area Moment (normal to hingeline) - ft3
Product of area and mean chord
FULL SCALE MDDEL SCALE
_o6.38 o.o_
201.O 3-5175
91.585 I._274
5o.833 o.8_2:_8
o.J,oo o._oo
o._)o o._x)
3_.83 34.83
26.2_ 26.2:_
34.83 3_.83
_6.i3 o.oo2ea
3O
TABLE III. - COMPOB_T DIMENSIONAL DATA - Continued.
MDDEL COMPO_[ERT: BOOSTER SOLID ROCKET MOTOR - S8
GEZERAL DES_ON: Booster solid rocke% 3 confIKuratlon_ .body of
revolution; data for (i) of (2) sides per Rockwell Lines drawing
VL'/7-O000_6 and VL[2-000088
MODEL SCALE: 0.O175
DRAW_G _: VL72-0OO088, VL77-000036
DIMENSIOIIS:
Length (Includes nozzle) - In.
Max. Width (Tank dia. ) - In.
Max. Depth (Aft shroud) - In.
Fineness Ratio
AreL - rt2
Max. Cross-sectional
Planform
Wetted
Rase
WP of BSRM Centerline (ZT) - In.
FS of BSI_M Nose (XT) - In.
FULL SCALE M0_L SCALE
17&i.o _o._68
1_a.o 2._8_
,.2o_.o _:_88
8,_68 8._9268
229.21 .011
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TABLE III. - CQMPOHERT DIMENSIONAL DATA_ Continued.
MDDEL COMPOnenT: _ TAHK - TIO
GENERAL DESCRIPTION: External Orygen-hydro5en tank_ 3 configuration, per
Rockwell Lines drawin 6 VL78-000041 and VL72-000088
_IEL SCALE: 0.0175
MWING _RBER: VL72-000088, VL78-000041
DIMENSIONS:
Length - In. (Nose @ XT = 309)
Max. depth
Fineness Ratio
Area - ft2
Max. Cross-Sectional
Plan form
Wetted
Base
WP of Tank Centerline (XT) In.
SCALE. MODEL SCALE
186_ _2.63750
_2_ _.67o
5.75617,.. 5.75617
572.555 o.1753_
_0.o 7"oo
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TABLE III. - _(PONERT DIMENSIONAL DATA- Continued.
MDDEL COMPONENT: VERTICAL, V7 (Light_ight Orbiter Configuration)
GEHERAL DESCRIPTION: Centerline vertical tai.lz double-wedge airfoil with
rounded leading ed6e.
NOTE: Same as V5 but with m_nlpulator housing removed.
MO_EL SCALE: 0.0175
r
DRAWING NUMBER: VL70-O00139, VL70-000095
FULL SCALE MODEL SCALE
mTA
,_--ea(meo) - rt 2
PlanZorm
Stun (_%eo) - In.
Aspect r_tlo
Bate of taper
_per ratio
' S_eep-back angles, degrees
Leading edge
_ailim6 edge
0.25 Element line
_.5.9e
0.5o7
o.i)o._
1.67_
0.5o7
O.Im04
4_.ooo
26.24_
41.I L
Chords:
_ot (_eo)
MAC
_s. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC
268._o
.635.522
0._
4.69875
1.898p-2
3.49 ,,667
iI.]21_
0.00
Airfoil section:
Leading wedge anble - deg.
Trailing wedge angle - deg.
Void area - FT2
10.000 10,000
z_.lT, ,. o .oo_o_
0.00
_B,anketed area 0.00
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TABLE III. -. COMPONENT DIMENSIONAL DATA -Concluded.
MODEL CO?_ONENT: WING-W 103
q _ •
GENERAL DESCRIPTION: Configuration 3 Orbiter per Lines VL70-0OO139.
|i J .
NOTE: Same planform as W8.7, except dihedral at TE
Scale Model =
|m
TEST NO,
O .0175
i
DIMENSIONS:
TOTAL DATA
_eo,) Ftz
Planform
Span (Theo In,
_pect Ratio
Rate of Taper
Taper Ratio
Dihedral Angle, degrees (@ TE of Elevon)
Incidence Angle, degrees
Aerodynamic Twist, degrees
Sweep Back Angles, degrees
Leading Edge
TraiIing Edge
0.25 Element Line
Chords:
Root (Theo) B.P.O.O.
Tip, (Theo) B.P.
MAC
Fus. Sta, of ,25 MAC
•W.P. of .25 MAC
B.L. of ,25 MAC
EXPOSEDDATA
= Area (Theo) Ft2
Span, (Theo) In. BPI08
Aspect Ratio
Taper Ratio
Chords
Root BPI08
Tip l,O0 b
MAC
Fus, Sta, of .25 MAC
W,P, of .25 MAC
-• B,L. •of .25.MAC
Airfoil Section (Rockwell Mod NASA)
XXXX-64
Root b =
Tip b = ."
Data for (1) of (2) Sides
Leading Edge Cuff
Planform Area Ft _
Leading Edge Intersects Fus M. L. @ Sta
Leading Edge Intersects Wing @ Sta
34
, T , •
DWG. NO. VL70-0C0139
FULL-SCALE. MODEL SCALE
2690.OO O.82381
936.6S f6. 39190
.....2.265 _2.P6_
1.177 1.177
,, , O.2OO O.2OO
3.500. 3.500
 .ooo ,  .or'x)
+3. ooo +_.,ooo
_5.03O _5.ooo
L, 'iO. 2& -iO. 24
L
35. 209 . 35. 209
689. _ _.o617o_
13?.85 2._,Z2_8
•_7_,.81 8.30918
__ 19.89558
_ .2360
182.1_ 3,; 18728 _
1752.29 o. 53664
2.O58 2.058 _
O.2_Z O.245Z
562.&0 " _.84_) _
137.85
393.03
_00.20
251-?6 .
O.iO 0.iO
O.12 O.12
J
- . 6o.o .Boo
Table IV. Orbiter T/C Loca'tions
Model 22- _S
r/c
_0.
1
2
3
4
5
6
7
8
9
i0
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
x
L
0
.005
.010
.020
.030
.040
.050
.060
.070
•080
.090
.i00
.120
.130
.140
.150
.160
.170
.180
.190
.200
.225
.250
.275
.300
,325
•350
.375
.400
.425
.450
FULL SCALE :43DEL SCALE
I" r_(.;,"_
xo y z x NOSE y z
238.00 0 -- 0
244.45 A A .113
250.90 .226
263.81 .452
276.71 .677
289.61 .903
302.52 1.129
315.42 1.355
328.32 1.581
341.22 1.806
354.13 2.032
367.03 2.258
392.84
405.74
418.64
431•54
444.45
!457.35
1470.25
483.16
496•06
528.32
560.58
592•83
625°09
657.35
689•60
721.86
754.12
786.38
0 ----
i , i
2.710
2.935
3.161
3.387
3.613
3.839
4.064
4.290
4.516
5.081
5.645
6.210
6.774
7.339
7.903
8.468
9.032
9.597
10.161
35
oi
t
0
SKIN
THICK
_V_SS
• 034
• 03T
•eS_
._32
.o3t9
.CHS"
,daS"
,o=_"
ods_
. o5,5"
.o3S !
.o33
.032
. oZO
.021.8
._._
,055"
._3_
KEMARK3
BOTTOM
f
BOTTOM %
OPEN
BOTTOM
BOTTOM _,
r/c
_0,
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
6O
61
62
63
64
Table IV (Cont'd) Orbiter
1 FULL SCALE
xo y z
L
i
.475 850.89 0 --
.5oo 883.15 _ A
.525 915.41
.550 947.66
.575 979.92
.600 1012.18
.625 i044.44
.6501076.70
.675 ii08.95
.700 I141.21
.72511173.47
.750 1205.72 !
.775 1237.98
.800 1270.24
.825 1302.50
.850 1334.76
.875 1367.01
.900 1399.27
.925 1431.53
.950 1463.78
.975 1496.04
1.000 1528.3
1.013 1541.56
z.o25 1560.5E
1.038 1574.3C
1.o5o 1592.82
.oio 2_o;c
.025 270.26
.050 302.52
.075 334.77 _
.180 367.03 .
.125 399.29 0 --
HODEL SCA_
NCSE/ ¥
10.726 0
11.290
11.855
12.419
12.984
13.548
SKIN
THICK
NES5
._30
.o32
_3/
o2?
o2_
14.113
14.677
15.242
15.806
16.371
16.935
17.500
18.064
18.624
19.193
19.758
20.322
20.887
21.451
22.016
22. 580
22.812
23.1_5
23. 385"
23.709
.226
.565
1.129
1.694
2.258
2.823
36
0
REMARKS
BOTTOM
I
BOTTOM %
6BF i0° ONLY
_F
6 I0 u ONLY
BF
TOP
t ,
TOP
Table IV (Cont'd) Orbiter
FULL SCALE
X o
MODEL SCALE
x NOSE REMARKS
43].54
444.45
457.35
470.25
496.06
560.58
625.09
754.12
883.15
1012.18
1141.21
1270.24
3.387
3.613
3.839
4.064
4.516
5.645
6.774
9.032
11.290
13.548
15.806
-- 18.064
WINDOW #i
WINDOW #i
464.97
452.00
452°00 WINDOW #i
478.00 WINDOW #2
478.00 WINDOW #2
464.97
452.00
452.00 WINDOW #2
464.97 WINDOW #3.
TOP %
TOP LEFT
TOP RIGHT
CENTER
BOTTOM I_FT
BOTTOM RIGHT
TOP LEFT
TOP RIGHT
CENTER
"BOTTOM LEFT
BOTTOM RIGHT
CENTER
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Tlc:
NO,.
97
96
99
1100
101
102
103
104
105
106
107
108
.109
110
111
112
113
114
115
116
117
118
119
!12o
121
122
123
124
125
126
127
x
L
•600
•700
•800
.900
1.000
i. 050
.I00
•150
.050
.i00
.150
.200
.300
.200
.150
•200
•300
•300
.050
.100
.150
.200
.300
.300
•076
•300
.800
.900
.975
.975
.050
T_ ble IVl
FULL SCALE
x y
o
i012.18 50.00
(Cont,d) Orbiter
MODEL SCALE
FROM
X y z
NOSE
13.548 0.875
0.8751141.21 50.00 15.806
1270.24 50.00 18.064 0.875
1399.27 50.00 20.322 0.875
1528.30 i00.00 22.580 1.75
1592.82 !I00.00 23.704 1.75
367.03 39.20 2.258 0.686
431.54 40.80 3.387 0.714
302.52 303.60 1.129 -- 5.313
367.03 52.00 -- 2.258 0.910
431.54 62.00 -- 3.387 1.085 --
496•06 65.60 287.20 4.516 1.148 5.026
625.09 74.46 -- 6.774 1.303
496•06 75.60 292.00 4.516 1.323 5.1101
431.54 79.20 304.80 3.387 1.386
496.06 85.20 298.80 4.516 1.491
625.09 91o43 6.774 1.600
625.09 102-86 6.774 1.800
302.52 325.60 1.129
5.3341
5.2291
367.03 i 317.60 2.258
I
431.54 83.60 314.4 3.387 1.463
496.06 320.00 ! 4.516
625.09 330.00 6.774
625.09 340•00 6.774
336.51 350.00 1.724
5.698
5.558
5.502
5.600
5.775
5.950
6.125
625.09 350.00 6.774
1270.24 350.00 18.064
1399.27 350.00 20.322
1496.04 350.00 22.016
6.125
6.125
6.125
1496.04
302.52
300.00 22.016
342.40 1.129
38
6.125
5.250
5.992
SKIN
THICK-
NESS REMARKS
21.5 ,02/ FUSELAGE SiDE
k o33
.039
21"5. O5_ F:_ELAC, E SIDE
39 .o3/ 80bY FUSIOn. _
39 .o;b ,oDY
20 .033 FUSELAGE SIDE
20 ,o9/
22 ._b/I c.c.,. TANGZ_
_. 5 ,433
-5.5 .o3/ #
31.5 .o3._" C.C.L. TANGENT
34 .O 33
35 .O_O
40 .o 50
40 ._3 _Z
40 .(b2_
45 .O23
35 .030 MoHoB. TAIgGENT
39 , 6_30 M.H.B. TANGENT
&5.5 .O3d) M.H.B. TANGENT
i51 .o30
57.5 .o2/
. 02"7
-- .o3o RCS CENTER
65 . oZF_
65 , o12
65 . 093
68 .
152._ .c_2-
.? 5 o C)90 ' TANGENT (UPPER)
rlc
_0.
FULL SC,_IZ
x_ x ° y
L
Teble IV (Cont'd) Orbiter
12a .200 496.06
129 .300 625.09
130 .600 1012.18
131 .050 302.52
132 4.100 367.03
133 .200 496.06
134 .300 625.09
135 •400 754.12
136 .500 883.15
137 .600 1012.18
138 .700 1141.21
139 .800 1270.24
140 .900 1399.27
141 .300 625.09
142 .400 754.12
143 .500 883.15
144 .600 1012.18
145 .700 1141.21
146 .6oo lO12.18
147 .600 i012.18
!4e .750 12o5.73
_49 .750 t502.73
150 .400 754.1Z
151 .500 883.15
152 .600 1012.18
153 _700 I141.2_
154 .900 1399.2T
MDDEL SCALE
FKOM
x NOSE Y
w_
360.00
360.0O
375.14
376.40
410.00
410.00
430.00
430.00
430.00
430.00
430.00
i
4.516
6.774
13.548
1.129
2.258
4.516
6.774
9.032
11.290
13.548
15.806
430.00
370.00
478.80
.... j
445.0
_0.0
450.00
490.00
18.064
20•322
6.774
9•032
11.290
13. 548
15.806
13. 548
13. 548
15.806
I_-R06
9.032
11.290
13.548
15.806
20.322
_o
z _ SKIN
THICK
NKS3
6• 3o0 _7.5,¢2_
6.3oo 70 ,oZ5
6.565 ?7 .05/
6.622 60 .©5.., c"
7.175 119 e3_
7.i75 _6.5.eZ_
7.525 io6 .o31
io5, o33
,o32
I i.o3z
7.525 ooSZ
6.475 ,09_
8.379 135 03J
135 .6u_©
.i35,_.i_
135 ,0.3,3
135 _SZ
7.788 113.o_Z
7.70 112 ._2
7,875 116 .05Z
59.'_._/
•_3o
6A .o9o
-- .o3_
39
REMARKS
i
FUGEL_GE SIDE
A '
45 ° TANGENT
I
FUSELAGE SIDE
UPPER BODY
A
WING UPPER CREAS_
WING UPPER CREAS_
Tlble IV (Co.t|nued) Orbiter
FULL SCALE MO_EL SCALE SKIN
THICK-
Xo Y Xo Y NESS
REMARKS
640.650 i17.085 7.043 2.049 , 03/ WING BOTTOM
754.120 9.030 . o35"
883.150 11.288 _28
1012.180 13.545 0z3
1141.200 15.802 ,_.._
1270.230 18.060 ,o3P_
SURFACE
1415.900 117.085 20.613 2.049 ._3_
754.000 9.030 . _2,-_
883 I1.288 . _28
1002.063 187.336 13.364 3°278 , (9_--
ROLL
1441.750 187.336 21.065 3.278 o(_)_2_
1067.470 234.--i_0 14.5_6 4.098 . O_3
1077.913 14.696 .O_
1141.210 15.802 03_
1192.450 16.706 . 0_/
1270.230 18.060 ° O..._
1317.428 18.895 , o_)r,/
1359 19.618 • 033
ELSVON
1442.350 234.170 21.075 4_098 _ O 33 ELEVON
i152.000 .004 15.995 4.918
.00 16.625
1224.000 17o255
1270.230 18.064
1332.000 19.145
1368_000 281.004 19.77 5 4.918
WING BOTTOM
SURFACE
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iTable iv (Cont|nued) Orbiter
TIC 2.y x
I,lO. b c
I
L 185 .600_ .8oo_
186 .600 .850
187 .600 .90
188 .75o
189 _i, .025
L
190 .lOO
191 .3o3
1 92 .500
1 93 .7oo
194 .8oo
195 _r .85o
196 .750 .9oo_
197 .850 01oo I
198 .85o .3oo] -_
1199 .850 .500
ZOO .900 .60
z01 .90o_'- 3o
z0____21.950
zo3! 41, .050
Z04 .ioo
205 .3oo
9n£ ! _,nn
207i + .7oo
208' .98o .9oo
209
210
211
:'12
_. ,
213 I_
214 .6oo
.966 0.00
.993 0.00
.600
FULL SCALE
x o Y
i i i
1404.000 281.004
1422.000
1440.000 281. OOA
i186.5 351.255
1i93.428214 2
1270.230
1325.028
1380.400
1408.100
I&22.000
1435.800
1255.200
1299.600
1344.000
1373.028
I131_.7&3
IV
u
351.255
398.089
398.089
398.089
421.506
421.506
444.857
MODEL SCALE
(FROM_
x _NOSEi
20.404
20.720
21.034
16.599
16.720
17.084
18.o6A
19.023
19.992
20.476
20.719
20.962
17.801
18.578
19.355
19.863
18.8&6
Y
&.918
SKIN
THICK-
NESS
IIIi
,0.30-
.o33
.05¢L
[.
6.147
d
_r
o _35".
• O.,KS- :
• 032-
_o51-
6.147 . (_3.._-
6.967 , _/
-i
6.967 .O3V
6.967 - 052
"1.376 .o2_
7. 376 ,,(9.._0
7.'185 .o3.5"
lS.5 ÷ _ ,o35""
REMARKS
WL'_ BOTTOM'
,_ SURFACE
ELEVON
L.E. kOLL£D
DOWN 30 °
1430.650
1307.000
1398.950
452,416
'464.914
281004
18.708
20.316
L.E.
L.E.
CLUSTER B
281.004 • 40918 ,o_5"
t
i i
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Table zv (Continued) Orbiter
TIC _ xNO. c
21 5 .600
216 .600
21 7 .600
218 .850
219
220 I
221
222
223 ,q_r
224 .850
225_-&O!Z)__ .050
226 ' _ .200
FULL SCA_= .MODEL SCALE
SKIN
/FROM_ y THICK-
Xo Y x_NOS _ NESS
221. DD_ &.918 , o3__ _
227 ,r
228 .&OO
229 .6OO
230 . (:_)O
231 ._)O
232 a
233 _v
234 .6OO
23S .800
REMARKS
28i. >D_ &. 918 o O 3 5"
ZLUSTEH B
SEE FIG.
$
CLUSTER C
SEE FIG.
A
236 ,_
237
238
239 _F
I 240 .8OO
281. DL_ L. 918 . O B _"
398. D-_9 6. 967 . _92 O
.OZO
. 020
r
WING TOP
SIIRFAC_
o OZO
_v _v . _20
398. C89 6.967 , _ZO
1015.1/4 187.336 13.599 3.278 . _gZ_"
ELEVON
÷
_ _ 090. A. 918 ,k -
•600 1291.i_71 _ _ • O3--_
.950 ]466.875 187_,/3_6_ 3.278 4_ 5 / ELEVON
.050 Ii_4.886 281.C¢,, 15.696 &.918 , O SZ
•200 1188.657 4& 16.637 _& • O _ /
.600 1332.028 19.1A6 , _/
.800 l_O&. 0o0 20.z,.OZ,. .032.
•900 i/_0.0(30 I V 21.03&. I, •0 3
.950 i&58.000 281._& 21.3&9 &.918 ._)3.3
.050 1223.057 37&.672 17.239 6.557 .033
_V
....... t
.200 1260.257 & 17.889 _ ,03--_
J
.600 1359.51/, 19.627 . 0252
.800 i&O8.780 20.A88 °OS(D ELEVON
.900 i&33.690 _ 20.92A _V - 090 ELEVON
42
i
[IC! x FULL
,_o.iI xo
241i.a29 1307
2421r. 900 "1399.2'_
243! .975 1L_96.0L
z44!  528.3
z4s!i.oz .
Z464.78o 125
?.47! .805 1276
2481.829 1307
Z49! .862 13_0
2501 .963 IASO
124.5
132.6
I_2.5
SCALE
y z
z51!1.ooo _5:o.3 u,2.5
Table zv (Continued) .
Orbiter
MODEL SCALE
x/FROM @
_NOSE) Y z
18.715
2o.31e
22.011
22.575
22.9O2
95.0 &7A.O 17.608 1.662
n2.9 _7#,0_8_1/3_1.976
i/_7/,.0 18.715 2.179
19._,6o2.32o
21. %0 2.LL
252! 1.01& 15_,7.0
253 .8o5 1276 lO5.5
2 54 _.829 13o7 117.0
55 .862 1350 126.5
_56 .963 1ABO 13&.5
[257 1.OOO 152F_.3
22. 575 2.&9&
LTL. 0 22. 902
&88 18.173 I.8&6
!/,,98.7 18.715 2.O&8
506 19.b,60 2.21&
l
SKIN
THICK- REMARKS
NESS
i --,
oZ_ BOTTOMC.R_F_SE
" OF O.M5
513 21.%0 2.35& 8.978 130.O
_____5-_- 3OTTOM CPF_,_SE
• OF O_5
BOTTOM C_E
. ....
.034_ BOZrO,_OF RCS
. O3_- BOTTOM OF RCS
I
8.295 in._ .c>3z D.,_PODS
8.295 la3. ,.o:3/
8.295 L_8. 637
8.295 ].19.1 , o3_-
8.295 I17.5 ° _2-w_'
8.295 117.5 , 0_9
8.295 . O33
8.5&0 129.5 .052--
8.727 1__30.O -033 i
8.855 130.0-032
• (_Z8
500 22. 575 8.750
Z 5 8 ] , 1 . O] _ 1 _ _ 7 . 0 5 _ l
i259 .805 1276 95.0)Li.'_
260! .829 1307 95.0 511.O
26_ .86_ 1350 95.0521.0
162 .963 _80 95.01530.0
263! .862 ]350 65 517.5
2_4 .96? !&PO 65 527.0
22.902 8.750
1F%.l?'_ 1 _A6_
18.7_5
19.&60
21.%0
19.&60
1.662
1.662
i. 662
. _Z
R AKR 1 _K r_ ,,.,-2.-:..._
8.%2 i13_9,0_, 93V-
9.118 If&2.1 ,O32
9.275 IA&.O ,oZ_
9.056 151.2 ,O5/
9.222 1153 ,6)Z_
i.138
21. %0 I.138
mm_Iml_lem _m_
OMS PODS
43
T/C z x
NO. _ "6"
:'65 .159 .i00
266 A_, .30o
267 I, .700
268 .299 3.00
269 __ .i00
270 .30o
271 .._oo
272 _r .7oo
273 .299 .900
ZT_ .532 o.00
275 _L .ioo
276 .3oo
277 .500
278 'iv .7oo
279 . 532 .900
280 .765 o.00
281 •765 . lO0
282 _ s .300
283 .500
• 284 _v .700
285 .765 .900
286 .9o5 0.00
287:.9o5 .lOO
288 .905 .poo
Tab1• Iv
FUL SCALE MOOELSC,.',.E
x 0 z (FROM_
x _,NOSEI z
(CONCLUDED) Orbiter
SKIN
THICKNESS
1353.00 550.20 19.513 9.628
,01.51 550.20 20.361 9.628
1498.66 550.20 22.062 9.628
5%.&0 ..O.L02
- oz8
- o.3._
139 .9 2o. 6 ÷
1/+39.O0 2.1..018
i_83.,06 _i.289
1527.11 _r 22._59 _
1571.17i5%-&0 23.330 1Q.402
1667.96 11.689
1538.31 _L 22.755 d
157_. 9& 23.396
1611.57 .35.03_&
1648.14 I_ PA. 677 _r
1684.77667.96_25.318 _]].689
74/....53...... _2.977
iA61.OO _ 21.&03 _
1490.1/+ 21.912
1519.29 22.&23
15_8.43 r _2.933 _F
1577._7 741.53 23.z_ 12.977
785.73 i).750
1576.&9 785.73 23.&2A 13.750
1625.86 785.73 2A.288 13.750
o3/
• 03/
• oZ_.Z.
. ozZ
o o3g
._._/
.o321
.032
.023
.oz_
.o3/
.o5/
.030
.oz4e
.<_2 4/
,,_.5 3
.,030
REMARKS
VERTICAL TAIL
L.E.
L.E.
L.E,
L.E.
I
VERTICAL T_IL
44
Tab1• v Orbtter Left Matn NOzzle T/C Locations
Node1 22-0TS
II
T/C
NO.
301
3O2
303
3O4
305
3O6
307
308
309
310
311
312
313
314
315
316
317
318
319
_t "3 ¢%
vw,,v
321
322
323
324
X FROM EXIT PLANE
F.S. M.S.
5" O. 088
IV
1 0"
IF
1 S"
A l_es
, v
0.175
Iv
0.263
n 7QQ
@n CLOCKWISE LOOKING
_{_J 0° BOTTOM
• _3/ 0 °
. o3/ 250
. o.)j 450
,,03/ 656
.03/
.03/
.o3/
900
135 °
315 o
0 o
. o_ / 250
.o3/ 450
.o3,1 650
900
0o
.03/
,o3/ 450
900
0o
450
. o3/
-03/ 650
.o3 /
e _-," ,..s #
.oBl
.o3V-
• o32--..-
900
a_o
T_
BASE PLATE
FORWARD
t
45
Toble vz Solid
T/C xS FS *
NO. Xms
701 200.000 O.000
702 241.900 O,733
703 283.800 I.467
704 367.600 2.933
705 870.400 I.732
706 373.200 ._0.531
707 1507.280 -_2.877
708 1540.800 23.464
709 1708.400 26. 397
110 1758.680 27.277
71 1 1859.240 29.037
712 1373.200 20.531
71 3 1708.400 26.397
714 1758.680 27.277
II 5 1859. 240 29.037
716 283.800 1.467
717 367.600 2.933
718 535.200 5.866
_19 870.400 II.732
r20 1038.000 14.665
_21 1205.600 17.598
722 1289.400 19.065
723 1373.200 20.531
7:_4 1457.000 21.998
7:P_ 1507.280 22.877
726:1540.800 23.464
727 ;1624.600 24.931
728 1708.40026.397
729 r :,s868o 2727;,
730 1808.960 28.157
731 1859.240 29.037
r32 1715.000 !26.514
733 1738.000 !26. 984
I i
*.MEASURED FROM NOSE
".¢ °
Rocket Booster T/C
Model ZZ-OTS
Locations
x SKIN
_ THICKNESS
0.000 900 .0Z2__
o.025 qno ._ 3 /
0.050 900 ,03 /
0.100 9oo .0 33
0.400 900 .0 Z
0.700 900 .0 9©
'I
0.930 135°
0.990 1350
0.050 1800
O.lO0 180 °
0.200 180 °
0.400 180 °
0.500 180 °
0.600 180 °
I0.650., 18Q°
0.700 1800
0.750 1800
0.780 180 °
0.800 180 °
0.850 180 °
0.900 !1800
0.930 180°
0.960 180 °
0.990 180 °
0.904 210 °
O.780 900 .0 _ 0
0.800 900 .o _
o. 900 900 .o 3 /
0.930 900 .O 3_
0,990 900 .O _,
0.700 1350 ,0,3,P
O.900 1350 ,O :3o
.O 30'-
.03S-
.032.--
.o_
.0 30
• O30
.o 7._
,0 30
.030
.ozl
.oz_
, O 2_C)
.o _.8
,O 2.8
.0 _.Z_
,,_32.
,_7 28
0.918 210 °
46
•O3o
REMARKS
NOSE
t
SKIRT
SKIRT
SKIRT
SEPARATION
NOZZLES
i_-_H
Tic
NO,
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
7_5
756
751
758
759
760
 761
762
763
764
765
766
xs FS
1750.000
1792. 200
1825.720
1750.300
1775. 440
1808. 960
325.700
367. 600
451.400
535.200
702.800
870.400
1038.000
1205.6OO
1373. 200
1507.280
1540.8OO
1624.600
1708.400
1758.680
1808.960
1859.240
1758.68
1808,960
1859.240
702.800
070,400
1038. 000
1205.600
1289.400,
1373.200
1457.00r, i
392.74,j
*MEASUKED
TmbleV_ (Continued)
(Solid Rocket Booster)
* X
Xms [
27.130 0.925 210 o
27.864 0.950 210 °
28.450 0.970 210°
27.130 0.925 _215 °
27.570 0.940 =215 o
28.157 O. 960 = 2150
2.200 0.075 225 °
2.933 !O.lO0 225 °
4.400 O.l50 2250
5.866 0.200 2250
8.799 0.300 2250
II.732 0.400 2250
14.665 0.500 2250
17.598 0.600 2250
24.931
26.397
27.277
28.157
29.037
27.277
28.157
29.037
_.799
I1.7.32
14.665
17.598
19.065
Z0.531
21.998
3.373
FROM NOSE
20.531 0.700 2250
22.877 0.780 2250
23.464 0.800 225 o
0.850 225°
0.900 2250
0.930 2250
0.960 2250
0.990 2250
0.930 2400
0.960 240 o
0.990 240 o
0.300 247.5 o
0.400
i0.500
0.600
247.50
247.50
247.5 o
SKIN
THICKNESS
,o 3"5
,0 32.
,O32;-
.O3_
O 3-_"
.0_
•0 30
,o _
,0 _0
.0 30
.03_
.ozf
1 I
.ozf
O.650 247.5 o
O,700
0.750
O.ll5
247.50
247.5 o
2600
.ozy
.O 3/ sxzRT
I
.032-
,0 34)
,_ / I
.LP28
.0 -_0
,O3O
.0 31
47
I I
REMARKS
SEPARATION
NOZ_.I_.S
15-SPH
T/C
NO.
767
768
769
770
77t
772
773
774
775
776
777
778
779
78O
781
782
783
784
785
786
787
788
789
79O
791
79E
793
794
795
796
797
798
Table vI (Concluded)
(Solid Rocket Booster)
* X
x s FS Xms [ q,
203.e16 o. o67 O. 0o2 270 °
241. 900 O.733 O.025 2700
283.800 I.467 O.050 2700
325.700 2.200 0.075 2700
367. 600 2.933 O.lO0 2700
384.360 3.226 O.Il0 2700
417.880 3.813 O.130 2700
451.400 4.400 O.150 2700
535.200 5.866 O.200 2700
619.000 7.333 O.250 2700
702.800 8..799 0.300 2700
870.400 lZ. 73 2 o. 400 2700
I038.000 14.665 0.500 2700
1205.600 17. 598 O.600 2700
1289.400 19.065 o. 65o 2700
I
1373.200 20.531 0.700 2700
1457. 000 2].. 998 O. 750 2700
15o7.28o 22.877 0.780 2700
] 540.800 23.464 O. 800 2700
1624.600 24.931 0.850 2700
1708.400 26.397 0.900 2700
]758.680 27.277 O. 930 270 °
1808.960 28.157 0.960 270 °
1859.240 29.037 O. 990 270 o
702.800 8.799 0.300 315 °
1038.000 14.665 10.500 3150
1373.800 20.531 0.700 315 °
1507.280 22.877 0.780 315 °
1540.800 23.464 0.800 315 °
1708.400 26.397 0.900 315 °
1758.680 27.277 0.930 315 °
1859.240 29.037 0 990 315 °
FROM NOSE 48*MEASURED
SKIN
THICKNESS
o33
e
,033
.03&.
,03_.
o _Z8
. OZY
. 0-50
.o5/
-_Z}/
.0_0
.0=30
• 050
, OZ7
-oZ7
,052.
.032..
.oat
• 030
• oZ7
• oz8
,OZ8
.c,Z8
.o3o
• c,'52/
REMARKS
ON 45 ° RAY
FROM NOSE
RADIUS
SKIRT
t
TIC
NO.
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
s31
532
533
°
x T FS
383.60
458.20
588.75
1055.00
1428.00
Table
xm$
Q_
vlz External
X
L
. i
1.306 .040
2 611o .o8o
4.896 .150
13.055 .400
19.582
1801.00 26.110
i055.00 13.055
1241.50 16.319
1428.00 19.582
868.5 .... _ 9.791
1614.50 22.846
1801.00 26.110 .800
1987.5 I 29.374 .900
_ ........
.300
Tank
e
0 °
A
.600 _
.800 0_
.400 45 °
__. .500 ,
.600
.700
961.75 i1.423 .350
1055.00 13.055 .400
1241.50 16.319 .500
1428.00 19.582 .600
1521.25 21.214 .650
1614.50 22.846 .700
.... j.
1707.75 24.478 .750
. |.
1801. O0 26. ii0 .800
1987.5 29.374 .900
682.00 6.528 .200
I.
821.88 8.975 .275
.l
868.50 9.791 .300
.i ....
915.12 10.607 .325
j, . •
961.75 11.423 .350
I
1055.00 , 13.055 .400
1148.25 i 14.687 .450
.500
.550
1241.5 i 16.319
0* ,,
1334.75 17.951
1428.00 i9.582
I
.600
Ir
45 °
67.5 °
4
67,5°
90 °
90 °
Locat|ons
SKIN
THICKNESS
il
-I .o3/*
.o3/*
•035
•o35
.03/*
.035
.o35
.o35
.o3/*
.03/*
.035
I.03/*
!.o35
.o35
.o3A
.035
.03/+
.o35
.o3/*
II
REMARKS
NOSE
NOSE
NOSE
*MEASURED FROM c_([:SE 49
Xx T FS xm$ _ 8
1521.25
1614.50
1707.75
1801.00
1894.25
1987.50
821.88
368.50
915.12
961.75
1055.00
I148.25
1241.50
1334.75
1428.00
1521.25
1614.50
1707.75
1801.00
1894.25
1987.50
1847.62
1894.25
1940.88
1987.50
2034.12
2099.40
915.12
961.75
1008.38
1055.00
1148.25
1241.50
1334.75
1428.00
1521.25
'*MEASURED "FROM
21.214
22.846
24.478
26.110
27.742
29.374
8. 975
9.791
10.607
ii.423
13.055
14.687
16.319
17.951
19.582
21.214
22.846
24.478
26.110
27.742
29.374
Table vtI(Conttnued)
(External Tank)
SKIN
THICKNESS
.650 90 ° •03_
.7oo •03_
.750 .035
.8o0 •035
.85o •03&
.900 90 °
.275 112-5° •035
.200
.325
.350
.400
.450
.500
.550
.600
.650
.700
.750
.800
.850
.900 112.5 °
26.926 .825 123 °
27.742 .850
28.558 .875
29.374 .900
30.190 .925
31.332 .960 123 °
10.607 .325 135 °
11.423 .350
12.239 .375
13.055 .400
14.687 .450
16.319 .500
17.951 .550
19.582 .600
21.214 .650 135 °
REMARKS
.035
.o3_
.035
•O3A
.o3&
.o3&
.035
•035
.o3&
.035
.035
50
.035
.o3&
.o3&
• .' .:" ...
T/C x T FSNO.
570 1614.50
571 1707.75
572 18Ol.OO
573 1894.25
574 1987.50
575 2052.78
576 1o55.oo
577 1101.62
578 1148.25
579 1194.88
580 1241.50
581 1334.75
582 1428.00
583 1521.25
584 1614.50
585 1707.75
586 18Ol.OO
587 1894.25
_88 1987.50
)89 1101.62
)90 1241.50
591 1614.50
592 1987.50
L,J _ ,J a.%e_a .d, %a_.a
594 309.00
_95 318.32
596 327.65
_91 383.60
598 a_R_n
*MEASURED FROM NOSE
Tab1, vz1(C0ntlnued)
(External Tank)
X
Xms F #
22.846 .700 135 °
24.478 .750
26.110 .800
27. 742 •850
29.374 .900 Ir
30.576 .935 i_ °
13. 055 .400 151
13.871 .425 157
14.687 .450
15.503 .475
16.319 .500
17.951 .550
19.582 .600
21.214 .650
22.846 .700
24.478 .750
26.110 .800
27.742 .850
29.374 .900 157
13.871 .425 161
16.319 .500 16_ °
22.846 .700 165 °
29.374 .900 165 °
13 055 ..... ro
0.000 0.000 180
0.163 .005
0.326 .010
1.306 .040
9_611 _nRo 180 °
SKIN
THICKNESS
.035
•o3_
.035
.034
.035
•035
r
.035
:•03&
•035
•03_
.o_4
.035
.035
.035
.034
•o3_
.o35
.03_
.o35
•o3_
i.033
.033
.03_,
•033
.o35
REMARKS
NOSE
51
T/C x T FS
NO.
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624,
62S
626
588.75
682.00
775.25
868.50
• 961.75
1008.38
1055.00
1101.62
1148.25
1194.88
1241.50
1288.12
1334.75
1381.38
1428.00
1474.62
1521.25
1567.88
1614.50
1707.75
1801.00
1894.25
1987.5
2056.50
2127.38
458.20
587.75
868.50
*HEASURED FROM NOSE
X
ms
4.896
6.528
8.159
9.791
11.423
12.239
13.055
13.871
14.687
15,503
16.319
17.135
17.951
18.767
19.582
20.398
21.214
22.030
22.846
24.478
26.110
27.742
29.374
30.581
31.822
2.611
4.896
Table
(External
X
L
VzI(CONTXNUED
.150
.200
.250
.300
.350
.375
.400
.425
.450
.475
.5OO
.525
.550
.575
.600
.625
.650
.675
.700
.750
.800
.850
.900
.937
.975
.080
.150
9.791 .3OO
Tank}
e
180 °
A
180 °
196 °
196 °
SKIN
THICKNESS
.035
.03&
.o3 
.o3_
.035
.035
.o3&
r
.o3A
.o35
.o35
.o35
.03_
.o3_
.o3_
.035
.o35
.03.5
52
REMARKS
TIC xT FSNO.
|
627 1241.50
628 1614.5o
629 1987. so
630 s88.75
631 lo5s.oo
632 1428.oo
633 18Ol.OO
6 34 2056.5o
635 lO55.oo
636 1241.50
637 1614.50
638 933.78
639 1055.oo
640 1428•00
Table vll (Concluded)
(External Tank)
Xms
16.319
22.846
29.374
4.896
13.055
19.582
26. ii0
30.581
13.055
16.319
22.846
10.934
13.055
X
F e
•5oo 196°
.700 196 °
•900 197 °
6
.150 208 °
•4GO
.600
.800
2O8
•400 216 °
.5O0 2.lb o
.700 216 °
.335 222-_ °
.400 229 °
19.582 .600 229 o
641 18oi.oo
F
26.110 .800 229 °
*MEASURED FROM NOSE
SKIN
THICKNESS
.034
._4
.03&
.033
.03&
_._5
.035
.035
.034
.03A
.034
._6
1.035
I
REMARKS
53
TABLE Vl II
Thermocouple Schedule No. Xl
The rmocoupl e
No.
l
2
3
4
6
8
lO
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
Channel
l
2
3
4
5
6
7
8
9
lO
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
Thermocouple Channel
No.
48
5O
52
54
56
58
59
60
61
62
63
64
65
66
67
68
69
71
72
74
79
84
87
88
90
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
Thermocouple
No.
91
92
93
94
95
96
97
98
99
lO0
lOl
I02
I04
I05
l}l
ll5
ll6
134
135
150
155
156
157
158
159
Channel
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
7O
71
72
73
74
75
54
TABLE Vl I I
Thermocouple Schedule No. X2
The rmocoupl e
No.
Channel The rmocoupl e Channel The rmocoupl e
No. No.
Channel
160 1 187 26 214 51
161 2 188 27 215 52
162 3 189 28 216 53
163 4 190 29 218 54
164 5 191 30 219 55
165 6 192 31 220 56
166 7 193 32 221 57
167 8 196 33 222 58
168 9 197 34 229 59
169 10 198 35 230 60
170 11 199 36 232 61
171 12 200 37 234 62
1 72 13 201 38 246 63
173 14 202 39 247 64
1 74 15 203 40 274 65
175 16 204 41 275 66
176 17 205 42 276 67
177 18 206 43 277 68
178 19 207 44 278 69
179 20 208 45 279 70
180 21 209 46 280 71
181 22 210 47 281 72
182 23 211 48 282 73
183 24 212 49 283 74
184 25 213 50 284 75
55
TABLE Vlll
Thermocouple Schedule No. X3
Thermocouple
No,
Channel The rmocoupl e Channel Thermocoupl e
No. No.
Channel
5 1 57 26 119 51
7 2 70 2 7 120 52
9 3 73 28 121 53
II 4 75 29 122 54
15 5 76 30 123 55
17 6 77 31 124 56
19 7 78 32 125 57
21 8 80 33 126 58
23 9 81 34 127 59
25 10 82 35 128 60
27 11 83 36 129 61
29 12 85 37 1 30 62
31 13 86 38 1 31 63
33 14 89 39 1 32 64
35 15 103 40 1 33 65
37 16 106 41 136 66
39 17 107 42 137 67
41 18 108 43 138 68
43 19 109 44 1 39 69
45 20 110 45 140 70
47 21 112 46 141 71
49 22 I13 47 142 72
51 23 ll4 48 143 73
53 24 I17 49 144 74
55 25 ll8 50 145 75
56
TABLE VIII
Thermocouple Schedule No. X4
The rmocoupl e
No.
Channel Thermocoupl e Channel
No,
The rmoco upl e
No.
Channel
146 1 239 26 266 51
147 2 240 27 267 52
148 3 241 28 268 53
149 4 242 29 269 54
151 5 243 30 270 55
152 6 244 31 271 56
153 7 245 32 272 57
154 8 248 33 273 58
185 9 249 34 286 59
186 lO 250 35 287 60
194 Il 251 36 501 61
195 12 252 37 502 62
217 13 253 38 503 63
223 14 254 39 504 64
224 15 255 40 505 65
225 16 256 41 506 66
226 17 257 42 507 67
227 18 258 43 508 68
228 19 259 44 509 69
231 20 260 45 510 70
233 21 261 46 511 71
235 22 262 47 512 72
236 23 263 48 51 3 73
237 24 264 49 514 74
238 25 265 50 515 75
57
TABLE VIII
Thermocouple Schedule No. X5
Thermocouple
No.
Channel Thermocoupl e Channel Thermocoupl e
No. No.
Channel
516 1 541 26 566 51
517 2 542 27 567 52
518 3 543 28 568 53
519 4 -544 29 569 54
520 5 545 30 570 55
521 6 546 31 571 56
522 7 547 32 572 57
523 8 548 33 573 58
524 9 549 34 574 59
525 I0 550 35 575 60
526 II 551 36 576 61
527 12 552 37 577 62
528 13 553 38 578 63
529 14 554 39 579 64
530 15 555 40 580 65
531 16 556 41 581 66
532 17 557 42 582 67
533 18 558 43 583 68
534 19 559 44 584 69
535 20 560 45 585 70
536 21 561 46 586 o71
537 22 562 47 587 72
538 23 563 48 588 73
539 24 564 49 589 74
540 25 565 50 590 75
58
TABLE VII I
Thermocouple Schedule No. X6
The rmocoupl e
No.
Channel Thermocoupl e Channel Thermocoupl e
No. No.
591 1 616 26 752
592 2 617 27 759
593 3 618 28 792
594 4 619 29 636
595 5 620 30 637
596 6 621 31 638
597 7 622 32 639
598 8 623 33 640
599 9 624 34 641
600 i0 625 35 Open
601 II 626 36 701
602 12 627 37 702
603 13 628 38 703
604 14 629 39 704
605 15 630 40 705
606 16 631 41 708
607 17 632 42 709
608 18 633 43 710
609 19 634 44 711
610 20 635 45 714
611 21 706 46 715
612 22 707 47 716
613 23 713 48 717
614 24 744 49 718
615 25 749 50 719
Channel
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
7O
71
72
73
74
75
59
TABLE Vlll
Thermocouple Schedule No. X7
The rmocoupl e
No.
Channel Thermocouple Channel
No.
Thermocoupl e
No.
Channel
720 1 753 26 784 51
721 2 754 27 785 52
722 3 755 28 787 53
723 4 756 29 788 54
724 5 757 30 789 55
725 6 758 31 790 56
726 7 760 32 791 57
728 8 762 33 793 58
729 9 766 34 797 59
730 I0 767 35 798 60
731 II 768 36 712 61
732 12 769 37 727 62
733 13 770 38 746 63
734 14 771 39 748 64
735 15 772 40 750 65
736 16 773 41 751 66
737 17 774 42 761 67
738 18 775 43 763 68
739 19 776 44 764 69
740 20 777 45 765 70
741 21 778 46 780 71
742 22 779 47 786 72
743 23 781 48 794 73
745 24 782 49 795 74
747 25 783 50 796 75
6O
TABLE VI II
Thermocouple Schedule No. X8
The rmocoupl e
No.
Channel Thermocoupl e Channel
No.
The rmoco uple
No.
Channel
501 1 526 26 551 51
502 2 527 27 552 52
503 3 528 28 553 53
504 4 529 29 554 54
505 5 530 30 555 55
506 6 531 31 556 56
507 7 532 32 557 57
508 8 533 33 558 58
509 9 534 34 559 59
51 0 10 535 35 560 60
511 II 536 36 561 61
512 12 537 37 562 62
513 13 538 38 563 63
514 14 539 39 564 64
515 15 540 40 565 65
516 16 541 41 566 66
517 17 542 42 567 67
518 18 543 43 568 68
519 19 544 44 569 69
520 20 545 45 570 70
521 21 546 46 571 71
522 22 547 47 572 72
523 23 548 48 573 73
524 24 549 49 574 74
525 25 550 50 575 75
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TABLE VIII
Thermocouple Schedule No. X9
The rmocoupl e
No.
576
577
578
579
58O
581
582
583
584
585
586
' 587
588
589
590
591
592
593
594
595
596
597
598
599
60O
Channel The rmocoupl e Channel
No.
Thermocoupl e Channel
No.
1 601 26 626 511
2 602 27 627 521
3 603 28 628 531
4 604 29 629 54
5 605 30 630 55!
6 606 31 631 56
7 607 32 632 57
8 608 33 633 58
9 609 34 634 59
lO 610 35 635 60
Il 611 36 636 61
12 612 37 637 62
13 61 3 38 638 63
14 614 39 639 " 64
15 615 40 640 65
16 616 41 641 66
17 617 42 Open 67
18 618 43 Open 68
19 619 44 Open 69
20 620 45 Open 70
21 621 46 Open 71
22 622 47 open 72
23 623 48 upen 73
24 624 49 Open 74
25 625 50 Open 75
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TABLE Vl I I
Thermocouple Schedule No. XIO
Thermocouple
No.
Channel The rmocoupl e Channel The rmocoupl e
No. No.
Channel
701 l 731 26 768 51
702 2 732 27 769 52
703 3 733 28 770 53
704 4 734 29 771 54
705 5 735 30 772 55
708 6 736 31 773 56
709 7 737 32 774 57
710 8 738 33 775 58
711 9 739 34 776 59
714 l0 740 35 777 60
715 II 741 36 778 61
716 12 742 37 779 62
717 13 743 38 781 63
718 14 745 39 782 64
719 15 747 40 783 65
720 16 753 41 784 66
721 17 754 42 785 67
722 18 755 43 787 68
723 19 756 44 788 69
724 20 757 45 789 70
725 21 758 46 790 71
726 22 760 47 791 72
728 23 762 48 793 73
729 24 766 49 79.7 74
730 25 767 50 798 75
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TABLE VlII
Thermocouple Schedule No. XII
Thermocouple
No.
Channel Thermocoupl e Channel
No.
The rmoco upl e
No.
Channel
37 1 106 26 521 51
39 2 107 27 522 52
41 3 108 28 523 53
43 4 109 29 524 54
45 5 II0 30 525 55
47 6 129 31 526 56
49 7 130 32 527 57
51 8 1 31 33 528 58
53 9 132 34 529 59
Open I0 133 35 530 60
Open II 136 36 531 61
70 12 137 37 532 62
73 13 138 38 533 63
75 14 139 39 534 64
76 15 140 40 535 65
77 16 141 41 536 66
78 17 142 42 537 67
80 18 143 43 538 68
81 19 144 44 539 69
82 20 145 45 540 70
83 21 516 46 541 71
85 22 517 47 542 72
86 23 518 48 543 73
89 24 519 49 544 74
103 25 520 50 545 75
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TABLE Vl II
Thermocouple Schedule No. XI2
The rmocoupl e
No.
Channel The rmocoupl e Channel
No.
Thermocouple
No.
Channel
146 1 239 26 266 51
147 2 240 27 267 52
148 3 241 28 268 53
149 4 242 29 269 54
151 5 243 30 270 55
152 6 244 31 271 56
153 7 245 32 272 57
154 8 248 33 273 58
185 9 249 34 286 59
186 10 250 35 287 60
194 I l 251 36 701 61
195 12 252 37 702 62
21 7 13 253 38 703 63
223 14 254 39 704 64
224 15 255 40 705 65
225 16 256 41 708 66
226 17 257 42 709 67
227 18 258 43 710 68
228 19 259 44 711 69
231 20 260 45 714 70
233 21 261 46 715 71
235 22 262 47 716 72
236 23 263 48 717 73
237 24 264 49 718 74
238 25 265 50 719 75
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TABLE VIII
Thermocouple Schedule No. XI3
Thermocouple
No.
Channel Thermocoupl e Channel
No.
The rmoco uple
No.
Channel
546 l 586 26 611 51_
547 2 587 27 612 52
548 3 588 28 613 53
549 4 589 29 614 54
550 5 590 30 615 55
551 6 591 31 616 56
552 7 592 32 617 57
553 8 593 33 618 58
554 9 594 34 619 59
555 lO 595 35 620 60
556 II 596 36 621 61
557 12 597 37 622 62
558 13 598 38 623 63
559 14 599 39 624 64
560 15 600 40 625 65
576 16 601 41 626 66
577 17 602 42 627 67
578 18 603 43 628 68
579 19 604 44 629 69
580 20 605 45 630 70
581 21 606 46 631 71
582 22 607 47 632 72
583 23 608 48 633 73
584 24 609 49 634 74
585 25 610 50 635 75
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TABLE IX.
RUN NUMBER/TUNNEL CONDITION SUMMARY
Run #
ReJft PT TT
x I0 _ (psi) (°R)
HT
(BTU/I bm)
3 1.4909 165.58 1581,2 390.90
5 1,4111 141.88 1487.5 366.19
7 1.3945 119.68 1348.1 329.90
8 1.4341 120.04 1327.2 324.51
9 1.4762 122.81 1322.1 323.19
I0 1.4540 118.76 1306.9 319.30
II 1.4993 121.26 1298.8 317,22
12 4.7266 405.72 1348.2 329.94
13 5,0370 405.98 1296.0 316.50
14 4.9672 403.68 1302.8 318.23
15 4.9723 405.35 1305.4 318.89
16 4.9533 406.35 1310.5 320.21
17 5.0060 405.69 1300.5 317.64
18 5.0979 404.88 1284.1 313.43
19 1,4998 122.63 1307.7 319.50
20 1.5374 121.33 1278.9 312.11
21 1.5232 122.04 1291.2 315.26
22 1.4696 122.08 1320.8 322.87
23 1.6062 119.90 1234.9 300.85
24 1.5275 122.10 1289.3 314.76
25 1.5757 119.48 1247.1 303.98
26 4.9504 405.67 1309.6 319.98
27 4.9770 406.03 1305.9 319.04
28 4.9574 405.59 1308.3 319.64
29 4.9770 406.32 1306.5 319,19
30 5.0055 406.22 1301.6 317.93
31 5.0063 406.42 1301.9 318.01
32 5.0389 406.71 1297.2 316.80
33 5.0961 405.17 1285.0 313.65
34 4.9856 405.20 1302.8 318.24
35 5.0750 405.72 1289.4 314.80
36 5.0306 406.14 1297.4 316.85
37 5.1486 401.85 1270.1 309.85
38 5.0550 406.03 1293.2 315.78
39 5.0452 406.22 1295.2 316.28
40 1.6365 130.40 1286.8 314.12
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TABLE IX.
(Concluded)
Run #
41
42
43
44
45
46
47
48
49
5O
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
68
69
7O
71
72
73
74
76
77
78
79
ReJft
x 106
1.5819
1.5224
1.5160
5.1123
5.0361
5.0028
5.3924
1.5328
1.5263
1.4308
1.4952
5.0533
5.0265
5.1372
4.9871
1.5132
1.5033
5.0864
5.0929
5.0577
5.0730
1.5553
1.5070
1.5093
5.0737
5.1122
1.4966
5.2179
4.9056
5.0011
4.9871
5.0038
5.0508
5.0175
5.0556
5.0607
4.9699
PT
(psi)
126.58
122.73
123.06
406.40
406.22
405.88
404.93
123.06
122.69
118.69
121.64
405.46
406 40
405 09
402 92
121 59
121 59
405 30
405 30
405 30
405 64
137.52
123.06
122.73
406.22
406.32
120.98
406.16
407.29
406.76
403,86
405.88
406.74
406.92
410.46
406.58
406.92
TT
(°R)
1290.2
1296.2
1301.8
1284.8
1296.7
1301.4
1239.5
1292.8
1293.9
1319.7
1303.6
1292.4
1298.6
1278.3
1298.0
1293.6
1298.9
1286.8
1285.7
1291.3
1289.6
1373.4
1306.7
1303.3
1290.6
1284.7
1298.4
1268.0
1320.4
1303.5
1299.9
1301.2
1295.3
1301 .I
1302.0
1293.4
1308.9
HT
(BTU/Ib m)
314.99
316.55
317.99
313.62
316.66
317.87
302.03
315.67
315.94
322.57
318.44
315.56
317.15
311.95
317.00
315.86
317.23
314.12
313.85
315.29
314.84
336.46
319.24
318.37
315.10
313.59
317.12
309.30
322.76
318.40
317.49
317.83
316.32
317.80
318.02
315.83
319.81
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DATA FIGURES
SRB DATA
EXTERNAL TANK DATA (SEE VOLUME I)
ORBITER DATA (SEE VOLUME III)
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